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Abstract: The lethal effects resulting from incessant release of toxic surfactant-containing industrial chemicals into the
Niger Delta Ecological Zone of Nigeria was studied using a laboratory toxicity test. The study employed the Organisation
for Economic Development and Cooperation (OECD) 203 protocol. The test organism (Tilapia guineensis [fish]) was
obtained from a brackish water environment and exposed to Neatex (industrial detergent) and Norust CR 486 (corrosion
inhibitor) at concentrations of 6.25, 12.5, 25, 50, and 100 mg/L for 96 h. The ecological endpoint considered was mortality
at 96 h, and the results obtained indicate that concentration and duration of exposure influenced the effects of the test
chemicals. The 96-h lethal concentration (LC50) values for the industrial detergent and corrosion inhibitor were 46.52 ±
2.16 and 13.95 ± 0.80 mg/L, respectively. Differential toxicity was observed between the industrial detergent and corrosion
inhibitor at the level of F (1,28) = 8.22, P < 0.05, with the corrosion inhibitor exhibiting a higher toxicity level. The
brackish water fish were more sensitive to Norust CR 486 than to the industrial detergent. The mean mortality rate in
response to the test chemicals was significantly higher than that to the control treatment at F (2,42) = 42.07, P < 0.05. The
observed concentrations are indicative of early warning signs of water quality deterioration, as well as ecological effects
on aquatic organisms.
Key words: Toxicity, fish, Tilapia guineensis, surfactant, industrial detergent, corrosion inhibitor

Acı su balığı üzerine (Tilapia guineensis) sentetik endüstriyel deterjan ve korozyon
inhibitörünün toksitesi
Özet: Nijerya’nın ekolojik bölgesindeki Nijer Delta’sına toksik yüzey aktif madde-içeren endüstriyel kimyasalların sürekli
salınması sonucu öldürücü etkileri, laboratuvar toksite testi kullanılarak çalışılmıştır. Kullanılan protokol Ekonomik
Gelişim ve İşbirliği Organizasyonu’dur (OECD) # 203. Test organizmaları, acı suyu elde edilen Tilapia guineensis (balık)
96 s, 6,25, 12,5, 25, 50 ve 100 mg/L konsantrasyonlarında Neatex (endüstriyel deterjan) ve Norust CR 486 (korozyon
inhibitörü)’a maruz bırakılmıştır. Düşünülen ekolojik uç hedef 96 s’deki ölüm oranıdır ve elde edilen sonuçlar,
konsantrasyon ve maruz bırakılma süresinin test kimyasal maddelerinin etkilerine tesir ettiğini göstermiştir. Endüstriyel
deterjan ve korozyon inhibitörü için 96 s letal konsantrasyon (LC50) değerleri sırasıyla 46,52 ± 2,16 ve 13,95 ± 0,80 mg/L’
dir. Farklı toksite, çok yüksek bir toksite seviyesi sergileyen korozyon inhibitörü P < 0,05 olan F (1,28) = 8,22 seviyelerinde
endüstriyel deterjan ve korozyon inhibitörü arasında gözlenmiştir. Norust CR 486 ‘ya maruz bırakılan acı su balığı,
endüstriyel deterjana maruz bırakılan organizmalardan daha duyarlıdır. Test kimyasallarındaki ortalama ölüm oranı P
< 0,05, F (2,42) = 42,07 de kontrol muameleden önemli ölçüde daha yüksektir. Gözlenen konsantrasyonlar, akuatik
organizmalara ekolojik etkiler kadar iyi su kalitesinin bozunmasının erken uyarı işaretlerinin göstergeleridir.
Anahtar sözcükler: Toksite, balık, Tilapia guineensis, yüzey aktif maddesi, endüstriyel deterjan, korozyon inhibitörü
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Introduction
Subtle alterations in the ecosystem occur due to
anthropogenic activity in the quest for wealth and
natural resources. The Niger Delta region of Nigeria is
home to extensive exploration and production (E and
P) activity, and due to the immense reliance on crude
oil and its products as the most viable and economic
source of energy such activity in the region continues
to increase (1). Among the various E and P processes
are dredging, drilling, stabilization, and refining of
crude oil. Most of the equipment used for these
processes requires regular clean-up and corrosion
control, and so surfactant-containing chemicals are
used.
Surfactants are surface-active compounds used in
industrial processes as well as in households. They
have one of the highest production rates of all organic
chemicals (2). The presence of both hydrophobic and
hydrophilic sites in the structure of surfactants results
in pseudomicellar arrangements that play a role in the
sorption of organic pollutants, and thus the release of
these chemicals into the environment can result in
adverse effects on biological systems. Linear
alkylbenzene sulfonate (LAS), one of the most
common surfactants, has been shown to induce
changes in fish gill morphology (3). Gills are
considered a primary target for uptake of waterborne
pollutants, and, as such, their physiological function is
sensitive to chemicals in the water. Gill damage is the
most obvious acute toxic effect; however, surfactants
may also be internally toxic, as they impair
chemoreceptor organs and cause damage to the
epidermis and pharyngeal wall (4).
Synthetic surfactant-containing chemicals are
reported to be acutely toxic to fish at concentrations
between 0.4 and 40 mg/L (5). Factors affecting
surfactant toxicity include molecular structure, water
quality, age and species of the test fish, and the
chemical concentration (6). Belanger et al. (7) and
Fuller et al. (8) studied the adverse toxic effects of
some cationic, anionic, and non-ionic surfactants on
different aquatic species.
The test organisms chosen for the present study
are highly prolific and relatively abundant in the Niger
Delta region of Nigeria. They are also a principal prey
of many larger vertebrates, including humans (9,10).
They are a major source of protein for the inhabitants
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of the Niger Delta. The aim of the present study was
to assess the short-term toxicity of an industrial
detergent (Neatex) and a corrosion inhibitor (Norust
CR 486) to brackish water fish, and, later, to design a
regular environmental surveillance program for these
chemicals, which are incessantly released into the
Niger Delta brackish waters.
Materials and methods
The test chemicals Neatex and Norust CR 486
(trade names) were purchased from the
manufacturers (Manuex Nigeria and Ltd and Ceca,
Inc., respectively). The test chemicals are liquid,
soluble in water, and contain LAS as a major active
component.
Tilapia guineensis (fish) from a brackish water
environment were collected from farms at Abua in
Rivers State, Nigeria. After collection the test
organisms were acclimated to laboratory conditions
in holding tanks for 7 days before testing. The water
in the aquaria was changed daily during the
acclimation period.
Prior to the 96-h semi-static renewal bioassay, a
range-finding test was carried out to determine the
range of concentrations to be used (11). The rangefinding test was conducted using a broad
concentration range (1, 10, and 100 mg/L) and the test
was terminated after 24 h. In the definitive test the
concentrations selected were based on the mortality
values obtained with the range-finding test and were
in appropriate logarithmic dilution series. Three
replicate test tanks for each concentration (6.25, 12.5,
25, 50, and 100 mg/L) contained a total of 5 L of the
test solution and 10 test organisms. The control
experiment contained the dilution water (i.e. water
from the habitat of the organisms) and the test
organisms. Daily observations for fish mortality were
made during the test period. Fish were considered
dead when they failed to respond to gentle prodding
(11). The physicochemical conditions of the test water
used for the fish bioassay were monitored at test
initiation (24 h) and termination (96 h). The
physicochemical qualities were similar to those of the
Niger Delta brackish waters (1). The weight and
length of the 14-day-old fish were 0.471 ± 0.03 g and
1.83 ± 0.12 cm, respectively.
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The probit method of analysis was used to
determine the susceptibility of the fish to the test
chemicals at 96 h (12). Mean statistical variations
between the treatment groups and the controls were
determined using analysis of variance (ANOVA) in
SPSS v.13.0. Data for the 3 study groups were tested
for normal distribution and subjected to ANOVA.
Results
Toxicological effects of the test chemicals on
mortality
The percentage of mortality in the 3 tests
containers for each concentration at different intervals
of time was calculated separately using the following
formula:
mortality (%) = no dead/ total number tested
×100% (11,13,14).
Mortality was recorded at 24, 48, 72, and 96 h
(Figures 1 and 2). The dead organisms were removed
immediately upon detection.
In the 14-day-old Tilapia guineensis exposed to
Neatex and Norust CR 486 at concentrations of 6.25,
12.5, 25, 50, and 100 mg/L there was no mortality at the

lower concentrations of 6.25 and 12.5 mg/L after 24 h,
but at the concentrations of 25, 50, and 100 mg/L
mortality was 13%, 13%, 30%, and 10%, 27%, 50%,
respectively. Mean mortality at 48 h of the test was 0%,
0%, 23%, 30%, 40% (Neatex), and 7%, 20%, 43%, 53%,
and 70% (Norust CR 486) for concentrations of 6.25,
12.5, 25, 50, and 100 mg/L, respectively (Figures 1 and
2). At 72 h mean mortality in response to Neatex
exposure was 0%, 0%, 33%, 50%, and 60%, versus 13%,
37%, 53%, 70, and 90% following Norust CR 486
exposure. At that time most of the organisms, especially
those exposed to Norust CR 486, showed signs of stress,
and the movement of the surviving organisms became
erratic and some had blood on their gills.
At 96 h, when the test was terminated, mean
mortality in response to Neatex was 10%, 20%, 47%,
60%, and 70%, versus 30%, 53%, 67%, 87%, and 100%
in response to Norust CR 486 (Figure 3). The results
indicate that mortality increased as the chemical
concentrations increased, and was greater in the
Norust CR 486 experiment than in the Neatex
experiment. Mean mortality at 96 h of Norust CR 486
exposure was significantly higher than that of Neatex
exposure at the level of F (1,28) = 8.22, P < 0.05. The
percentage of mortality in the control experiments
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Figure 1. Mean % mortality at 24, 48, 72, and 96 h in brackish
water fish exposed to Neatex.
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Figure 2. Mean % mortality at 24, 48, 72, and 96 h in brackish
water fish exposed to Norust CR 486.
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Discussion

Mean % mortality at 24, 48, 72 & 96 hours

120

Contaminants are known to interfere with the
development of aquatic organisms by disrupting
metabolic processes (15). The present study examined
the toxicity of 2 industrial chemicals to pelagic aquatic
organisms (Tilapia guineensis). It has been reported
that surfactants, including those that are
biodegradable, produce harmful effects in all types of
aquatic life if they are present in sufficient quantities
(16). High concentrations of surfactants can cause
severe damage to the gills, which may lead to
suffocation or asphyxiation (17,18).
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Estimated 96-hour LC50 (Neatex and Norust CR
486)

The present results indicate that the corrosion
inhibitor Norust CR 486 was more toxic than the
industrial detergent Neatex. The estimated 96-h LC50
values obtained were compared with the Group of
Experts on Scientific Aspects of Marine Pollution
rating (GESAMP) (19), which showed that both
chemicals were slightly toxic to the 14-day-old
organisms. Similarly, probit analysis showed that the
LC50 values decreased as the concentration of the
chemicals increased, indicating an increase in toxicity
with increased concentrations. The 96-h LC50 values
obtained from the present fish toxicity study provide
data on the comparative effect of the 2 pollutants and
are useful for screening potentially toxic substances.

The short-term toxicity of both chemicals was also
evaluated using probit analysis, as described by
Finney (12), to estimate the 96-h LC50. The estimated
96-h LC50 values for the test chemicals are presented
in the Table. The estimated 96-h LC50 values for the
test chemicals varied in the brackish water test. The
concentrations obtained show that the test organisms
were more sensitive to Norust CR 486 than to Neatex
(Table).

The death of such organisms may be harmful, as it
could lead to the elimination of potentially viable
organisms that may contribute immensely to the food
chain. The results obtained in the present study show
that classification of the toxicity of substances should
be performed while considering the organisms and
medium used; not doing so may lead to inappropriate
assessments/conclusions concerning the toxic effect
of the chemicals on the organisms.

0
Control

6.25

12.5
25
Concentration, mg/l

50

100

Figure 3. Mortality (mean ± standard error) of fish exposed to
Neatex and Norust CR 486 in brackish water at 96 h.

and the treatment groups significantly differed at F
(2,42) = 42.07, P < 0.05. The mean 95% confidence
limit for Neatex was 26.88-129.66 mg/L, while that for
Norust CR 486 was 6.68-22.38 mg/L.

Table. Acute toxicity profile of brackish water fish to Neatex and Norust CR 486 exposure.
Test Chemical

96 h LC50,
mg/L ± SD

95% CI

Probit line equation

Slope ± SD

Neatex

46.52 ± 2.16

26.88-129.66

Y = 2.253 + 1.647 x log (x)

3.99 ± 0.08

Norust CR 486

13.95 ± 0.80

6.68-22.38

Y = 2.699 + 2.009 x log (x)

3.14 ± 0.33

where Y= Probit, x = concentration in mg/L
LC50 = Lethal concentration causing 50% death of organisms exposed to chemical
CL = Confidence limit
SD = Standard deviation
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The data obtained in the present toxicity study can
be used when preparing warnings and safety
directives related to the use of the 2 test chemicals.
This would involve the classification/grouping of the
substances/chemicals that are potential hazards and
qualifying the risk of these chemicals on the
ecosystem. Such statements, when included on
container labels, would provide user-friendly
information on the precautions that should be taken
to minimize exposure to aquatic organisms (20).

could be detrimental to pelagic aquatic organisms and
possibly disrupt the food web, as fish represent a
major proportion of the diet of many species,
including humans. There is, therefore, a need to
regulate the use and disposal of these chemicals into
the environment in order to safeguard the sensitive
pelagic aquatic biota, which contributes significantly
to the rich biodiversity of the Niger Delta region.
Corresponding author:
Doris Fouwe OGELEKA
Department of Chemistry,
Western Delta University,
Oghara, Delta State,
NIGERIA
E-mail: dorysafam@yahoo.com

Conclusion
The effects of 2 surfactant-containing chemicals
commonly used in the Niger Delta region of Nigeria
were slightly toxic to fish. This short-term
toxicological study’s results show that accidental and
unintentional release of these harmful chemicals
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